certain infectious diseases. Forbat et al. in 19534 pointed out that other mechanisms, such as central nervous system depression, changes in electrolytes, and changes in the excitability of nerves and muscles, may produce long-continued apnoea after succinylcholine even ff the pseudocholinesterase level is normal.
To add to the confusion at that time, several cases were reported in which none of the above-mentioned factors applied. Patients were encountered who appeared to be in good health and yet showed prolonged apnoea following succinylcholine and a correspondingly low pseudocholinesterase level. Forbat 4 presented male siblings with low pseudocholinesterase and felt that ff this could not be explained by disease, malnutrition, or poisoning~ the families of these patients should be investigated for a hereditary or possibly racial basis of an abnormally low pseudocholinesterase level.
From that time on, the familial incidence of a non-pathological cause of prolonged apnoea following succinylcholine became more apparent. Lehmann and Ryan in 19565 presented a study of five families, of apparently healthy individuals, who showed a strong familial incidence of an "idiopathic" low pseudocholinesterase level. The authors suggested that a recessive gene was responsible. Kalow, in his first communication in 1956, 6 supported the findings of Lehmann and Ryan and mentioned that Gunn had done some family studies on mental patients. He noted that his own data suggested the existence of at least two types of human pseudocholinesterase. However, it was not until two years later that Kalow and Davies r confirmed the existence of a normal or usual pseudocholinesterase and an atypical form of the enzyme.
The use of dibucaine inhibition by Kalow and Genest s on human serum for the detection of atypical pseudocholinesterase activity was the breakthrough for the classification of patients for genetic study. They noted that in addition to the previously observed quantitative variation in the activity of pseudocholinesterase from person to person, there existed also a qualitative variation of enzyme activity. This could be expressed in differences of substrate specificity and susceptibility to inhibition. By this means patients with the atypical form of enzyme activity could be distinguished from those with mere low pseudocholinesterase activity resulting from any of the previously mentioned pathological states. The local anaesthetic dibucaine (Nupercaine| was found to be one of many inhibitors with reduced effectiveness against the atypical enzyme.
The technique of determining the dibucaine number consists essentially of measurements by ultraviolet spectrophotometry of the esterase activity of diluted human serum, using benzoylcholine as the substrate. The normal enzyme hydrolyzes the substrate benzoylcholine, and the disappearance of this substrate is measured. When dibucaine is added to the benzoylcholine-enzyme system, the normal enzyme has a great afllnity for dibucaine and a non-activated complex is formed. As a result, less benzoylcholine is hydrolysed (Fig. la) . The rates of hydrolysis of benzoylcholine in the absence and in the presence of dibucaine are measured. The percentage inhibition is calculated, and this is the dibucaine number. The abnormal enzyme has only about 1/200 the affinity for dibucaine that the normal enzyme has. When the abnormal enzyme is encountered there is less inhibition of the hydrolysis of benzoylcholine by dibucaine (Fig. 2a) . A given concentration of dibucaine inhibits a normal pseudocholinesterase by about 80 per cent (Fig. lb) and the atypical or abnormal enzyme by about 20 per cent ( Fig. 2b) . The dibucaine number does not depend on the esterase level, and the degree of inhibition is constant for any one individual. Based on the study of a number of human sera, it was found that the dibucaine numbers fell into three fairly distinct groups. There is no general agreement as to the borderline where dibucaine numbers cease to be "normal" and are to be considered as "intermediate," or where "intermediate" values end and "atypical" ones begin. Kalow and Genest considered dibucaine numbers above 70 as "typical" or "normal," between 40 and 70 as "intermediate," and below 20 as "atypical" or "abnormal." On the other hand, Tefler e t al. 9 and Trew 1~ accept dibucaine numbers below 30 as atypical and go as high as 75 to include the intermediate group; this classification has been used by us as the basis of interpretation of our cases.
Kalow and Staron in 1957 xl did two extensive family studies and drew some conclusions on the distribution and inheritance of atypical forms of human pseudocholinesterase, as indicated by dibucaine numbers. They noted that the simplest genetic situation which could lead to the three phenotypes was the existence of two allelic autozomal genes without dominance. This would give rise to three genotypes: (a) normal homozygote, (b) heterozygote, and (c) abnormal homozygote. This explanation of inheritance did not, however, completely explain the variation of dibucaine numbers within the three groups. The authors suggested further that there may be two or more allelic genes determining the formation of atypical pseudocholinesterase at different rates, and they raised the possibility of a single type of gene which in turn is influenced by modifying genes.
Harris and Whittaker in 19611~ reported the presence of two further phenotypes as the result of inhibition of pseudocholinesterase with fluoride. They showed a small sub-group of the intermediate phenotype of the dibucaine number and a similar sub-group of the normal phenotype of the dibucaine number. They suggested that there may be a third gene which can influence a character of the cholinesterase synthetized.
Liddel113 and, recently, Hodgkin 14 have investigated families with complete absence of any pseudocholinesterase activity. It appears that the only explanation for this is the existence of a "silent" gene.
Succinylcholine sensitivity has led to the discovery of inherited variation in pseudocholinesterase. Lehmann and Liddell in 196415 emphasized that the genetics of this condition are complex. Their conclusions that at least four allelie genes exist for this human enzyme appears today to be the most widely accepted genetic explanation for the inheritance of pseudocholinesterase activity. The four genes are: N -T h e "normal" gene (for normal pseudocholinesterase activity). D--The gene for the atypical variant (recognized by an altered response of the enzyme to the inhibitor dibucaine).
F -A gene for an enzyme with an altered sensitivity to fluoride inhibition. S-A "silent" gene responsible for complete absence of any pseudocholinesterase activity.
They note that since each individual possesses two allelic genes, these four would then give rise to ten possible genotypes, four in the homozygote group ranging from not sensitive to markedly sensitive and six in the heterozygote group ranging from not sensitive to markedly sensitive (Fig. 3 ) .
Dibucaine inhibition of patient sera fails to demonstrate all the known genetic variations for the hereditary behaviour of pseudocholinesterase activity. It continues, however, to remain a clinically useful method for determining the presence of atypical enzyme activity in patients and in families of those patients who show prolonged apnoea following single intravenous injections of succinylcholine. Kalow A 74-year-old male was anaesthetized for the enucleation of a painful blind eye. Premedication was with atropine 0.6 mg. intramuscularly one hour and 15 minutes prior to induction. Induction of anaesthesia was with thiopental sodium (2.5~) 125 rag., followed by suecinylcholine 40 mg. to facilitate endotracheal intubation. It was intended to allow spontaneous respiration with nitrous-oxideoxygen and halothane-ether azeotrope. However, spontaneous respirations did not recur within the usual time and the patient had a period of apnoea lasting 1 hour 45 minutes. His dibucaine number was later found to be 30. Members of the patient's family were tested and the results are shown in Figure 4 .
The patient's three children were found to be heterozygotes as expected. His wife was a normal homozygote. One grandchild was a heterozygote; three were normal. The three living siblings have not been contacted to date.
Case No. 2
A 59-year-old married woman was anaesthetized for a right brachial arteriogram and upper dorsal sympathectomy. Premedieation was with morphine 10 mg. intramuscularly and atropine 0.6 rag. intramuscularly one hour and 55 minutes prior to induction. Induction of anaesthesia was With thiopental sodium (2.5~) 250 mg., followed by succinylcholine 40 rag. to facilitate endotracheal intubation. It was intended to allow spontaneous respiration With nitrous-oxide--oxygen and halothane-ether azeotrope. However, spontaneous respiration did not recur until 40 minutes after induction of anaesthesia. The patient's dibucaine number was found to be 24.
Her family was tested, and the results are shown in Figure 5 . Since the patient was an abnormal homozygote it was expected that her children would all be heterozygotes. However, one was found to be an abnormal bomozygote. On the basis of two allelic genes this would not have been possible unless the father was a heterozygote. He was tested, and it was found that this was so. Two of the patient's siblings were found to be abnormal homozygotes and their children are all heterozygotes. Two siblings were found to be heterozygotes and their children were found to be either normal or heterozygotes. One sibling is a normal homozygote. We must assume that the patient's parents were both heterozygotes. If either had been a homozygote, then there should not have been a normal sibling.
This family study helps to stress the point that, as well as the abnormal --9 F 9# 9 homozygotes, all heterozygotes should be aware of this genetic abnormality, since pairing with another heterozygote could lead to offspring who would be markedly sensitive to succinylcholine. In the two families, a total of 38 people were studied for the presence of atypical pseudocholinesterase. Five were found to be abnormal homozygotes with dibucaine members in the range of 22 to 30; 18 were found to be heterozygotes with dibucaine numbers in the range of 53 to 73; and 15 were found to be normal homozygotes. Of the 15 normals, 14 have dibucaine numbers in the 80 to 84 range while one was reported as 90.
1. The method of Kalow and Genest for the determination of the dibucaine number on patient sera identifies the presence of atypical pseudocholinesterase activity.
2. The usual type of pseudocholinesterase, or an atypical variety of the enzyme, or a mixture of the two may exist in any one individual. Low pseudocholinesterase activity of the usual or normal type is associated with a variety of disease states, while atypical pseudocholinesterase activity is genetically determined.
3. Tests for levels of pseudocholinesterase including determination of the dibucaine number should be conducted on all family members of any patients who have had prolonged apnoea following a single dose of succinylcholine and whose dibucaine number has been shown to be abnormally low. All patients with dibucaine numbers in the intermediate and abnormal range should be regarded as potential candidates for prolonged apnoea after succinylcholine. These people should be given cards to carry which should be presented on the occasion of any admission to hospital.
4. Genealogical trees of two families exhibiting the presence of atypical pseudocholinesterase activity are shown. P&SUM~ 1. La m6thode de Kalow et Genest pour d&erminer la "dibueaine number" du sfrum du malade signale la pr6sence d'activit6 de pseudo-cholinest6rase atypique.
2. Le type usuel de pseudo-cholinest6rase, ou une vari&6 atypique de cette enzyme, ou un m61ange des deux peuvent exister chez tout individu. Une faible activit6 de pseudo-cholinest6rase de type normal est li6e h u n certain nombre d'&ats pathologiques, alors que l'activit6 de pseudo-cholinest6rase atypique est h6r6ditaire ou familiale.
3. Des 6preuves quantitatives de pseudo-eholinest6rase eomprenant le taux de dibueaine devraient 4tre pratiqu6es ehez tous les membres d'une famille dont un sujet aurait eu une apn6e prolong6e ~t la suite d'une dose unique de suecinylcholine, et dont le taux de dibucaine s'est av6r6 sensiblement plus has que la normale. Tous les malades dont le "dibucaine number" se situe dans une z6ne anormale devraient 4tre consid6r6s eomme des sujets aptes a subir une apn6e prolong6e apr6s la suceinyleholine. Ces rnalades devraient recevoir une carte qu'ils porteraient sur eux eontinuellement et qu'ils devraient pr6senter d4s qu'ils sont admis dans un h6pital.
4. On montre ici l'arbre g4n6alogique de deux families qui pr6sentent une activit6 de pseudo-cholinest6rase atypique.
